rats treated chronically with clonidine showed lower sensitivity to the inhibitory effects of /%endorphin and adenosine, as well as to those of clonidine (Ishii et al., 1982) . In man, clonidine ameliorated certain aspects of the opiate withdrawal syndrome (Gold et al., 1978). It is possible that co-operation between the effects of administered clonidine and the residual opiate in centrally situated neurons may be the basis of this effect. Similarly, changes in a common presynaptic post-recognition pathway may be related to the observation that, after chronic treatment of rats with clonidine, tolerance to the analgesic effect of clonidine is accompanied by cross-tolerance to morphine (Paalzow, 1978) . Alternatively, in this latter instance, a common pathway mediating the analgesic effects of the compounds may be postsynaptic.
In ileum from morphine-treated guinea pigs, a contraction of the longitudinal muscle seen in response to naloxone is due, at least in part, to the release of acetylcholine from post-ganglionic neurones, and has been suggested to be related to the occurrence of withdrawal (Ehrenpreis et al., 1975; Schulz & Herz, 1976 ).
However, the magnitude of the nalozone-induced contraction was the same in ileum treated with morphine in vitro under various regimes and in ileum from pellet-implanted animals. In contrast, the degree of depression of the response to clonidine varied, being most marked in tissues from pellet-implanted animals and barely detectable in tissues incubated with morphine ( 1 . 6~~) for 3h at 37OC ( Collier, 1978 Collier, , 1980 . These models provide a practical means of analysing the phenomenon in vitro.
We have studied opiate-dependence and associated tolerance in the final cholinergic motor neurons of the myenteric plexus supplying the longitudinal smooth muscle of the guinea-pig ileum. The predominant opiate receptor in this preparation is of the p-subtype, though K-receptors have been demonstrated When the isolated guinea-pig ileum is exposed to repeated electrical stimulation, the longitudinal smooth muscle contracts in response to the release of acetylcholine from the terminal of the final cholinergic motor neurons. Opiates inhibit this response in a dose-related manner (Paton, 1957; Schaumann, 1957 (3) withdrawal of opiate elicits a contracture that can be suppressed by opiate; (4) the withdrawal contracture can be precipitated with a selective opiate antagonist, the potency of which is inversely related to the intensity of dependence; ( 5 ) induction of dependence requires the activation of a stereospecific opiate receptor; (6) precipitation of withdrawal requires a stereospecific opiate antagonist; (7) clonidine inhibits the opiate-withdrawal contracture. These properties of opiatedependence and associated tolerance induced in the guinea-pig ileum in uifro parallel those observed in the whole animal. Dependence on the a-adrenergic-receptor agonist clonidine, like that on opiates, has been reported in experimental animals The application of phentolamine, a selective a,-adrenergicreceptor antagonist, to segments of ileum that had been continuously exposed to clonidine as in Fig. 1 induced a release of acetylcholine resulting in a contracture of the longitudinal muscle (Collier et al., 19810) . This contracture was taken to indicate a state of withdrawal from clonidine, since it exhibited most of the seven characteristics of opiate-dependence and associated tolerance seen in the ileum. Of these, tolerance was demonstrated indirectly by the comparability of the responses to electrical stimulation in the presence and in the absence of clonidine after 24 h incubation. A spontaneous withdrawal contracture, however, was not seen, probably because the binding of clonidine to its recognition site is prolonged.
There is evidence that both opiate-dependence and clonidinedependence are induced in the final cholinergic motor neurons of the ileum via separate selective and stereoselective recognition sites. Both dependences occur in the presence of Kroneberg & Oberdorf, 1971) . Again, chonidine suppresses the naloxone-induced contracture in opiate-dependence and opiate suppresses the phentolamine-induced contracture in clonidine-dependent preparation. Having established that a dependence mechanism, which may be activated by two separate classes of inhibitory transmitter, occurs in the final cholinergic motor neurons, can we go further and identify the region of the neuron that is involved? Fig. 2 illustrates the regions of the final cholinergic motor neuron along with the receptors that may be present. The first possible region to consider is the recognition site of the receptor. That drugs interacting with two different recognition sites (opiate receptor and a,-adrenergic receptor) induce comparable dependences indicates that these occur downstream of the recognition sites. This is supported by the observation by Schulz et al. (1981) on selective agonists of opiate p-and x-receptors.
We have as yet no evidence that dependence in the final cholinergic motor neuron occurs in the axon or nerve terminal; but there is good evidence that it develops in the soma. North & Karras (1978) and Karras & North (1981), using suction electrodes attached to the soma of the final cholinergic motor neuron, have investigated nerve-impulse production in response to treatment with opiates. They found that neurons, either VOl. 11 derived from guinea pigs treated with high doses of morphine for several days or in pieces of ileum incubated with opiate in uitro, were less responsive to inhibition by normorphine than were controls. These neurons also responded vigorously to challenge with naloxone by generating impulses at higher rates than did control neurons. This evidence suggests that the change that occurs during induction of dependence does so in the soma of the final cholinergic motor neuron.
The molecular mechanism of the induction of dependence in the soma has not, as yet, been further elucidated, but some interesting work in other systems may be relevant. One such system consists of cultures of mouse neuroblastoma x rat glioma hybrid cells strain N G 108-15. These cells are neuron-like in that they form action potentials on stimulation and possess opiate receptors (Klee & Nirenberg, 1974) and a-adrenergic receptors (Sabol & Nirenberg, 1979) . The application of either opiate or a-adrenergic-receptor agonist to these cells results in an inhibition of adenylate cyclase activity (Traber et al., 1975; Sharma et al., 1975a; Sabol & Nirenberg, 1979) . Koski & Klee (198 I) suggests that opiates achieve this inhibition by stimulating the hydrolysis of GTP, which is itself an activator of adenylate cyclase. Therefore the immediate effect of opiate is to lower the cellular concentration of cyclic AMP. Prolonged exposure to opiate results in a compensatory increase in adenylate cyclase activity to restore 'normal' concentrations of cyclic AMP. This intensified enzyme activity produces tolerance, and, if opiate is withdrawn by applying naloxone or clonidine is withdrawn by applying phentolamine, a burst of cyclic AMP production occurs (Sharma et al., 19756, 1977 Sabol & Nirenberg, 1979) .
Although there is no direct evidence that the involvement of a hypertrophy of the cyclic AMP system being the mechanism of opiate-dependence in normal neurons, there is indirect evidence from whole animals that this is so ( Dopamine receptors were assessed as described by Owen et al. (1978) . The results in the three major dopaminergically innervated areas of the brain, namely caudate, putamen and nucleus accumbens, are presented in Table 1 . For clarity all results are expressed as percentages of their respective control Table 1 . Biochemical results in vervet brains crfter prolonged administration of amphetamine *P < 0.05; **P < 0.0 1 ; ***P < 0.00 1 (Student's t test).
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